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(54) Starting of single-phase motors 

(57) A simple rotor position transducer for an elec- 
tronically commutated electric motor has a vane mount- 
ed to rotate with the rotor and a pair of sensors. One 
sensor has an output coincident with positions of zero 



torque. The other sensor produces signals slightly in ad- 
vance. Overlapping portions of the signals denote re- 
gions of different levels of torque. The second sensor 
output can also be used in high-speed, single-pulse con- 
trol of the motor. 
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Description 

This invention relates to single-phase, electronical- 
ly commutated electrical machines. The invention is par- 
ticularly, though not exclusively, applicable to single- 
phase switched reluctance motors. 

Switched reluctance machines typically comprise a 
stator, with salient stator poles and stator windings for 
energising the stator poles, and a rotor with salient rotor 
poles. The rotor is mounted in bearings to allow it to ro- 
tate coaxially with the stator. Movement of the rotor is 
influenced by the stator poles according to the energi- 
sation of the stator windings. The theory and design of 
such machines is well documented in, for example, the 
paper The Characteristics, Design and Applications of 
Switched Reluctance Motors and Drives' by Stephen- 
son and Blake, presented at the PCIM '93 Conference 
and Exhibition at Nurnberg, Germany, June 21-24, 
1993. 

In common with other types of electrical machines, 
switched reluctance machines can have one, two or 
more independent circuits, known as phases. These are 
discussed in the reference above. While each phase 
number is associated with a variety of different advan- 
tages, it is generally accepted that the single phase sys- 
tem is particularly cost-effective for low-power drive sys- 
tems. An example of a single-phase machine is illustrat- 
ed in Fig. 1 . The stator S and the rotor R of the machine 
in Fig. 1 each have two salient poles, both stator poles 
having an exciting coil C wound around them. The two 
coils are connected together to form the phase winding. 
This example shows two poles on each of the stator and 
rotor, but other numbers of poles can be used. Further, 
this example shows the rotor rotating internally in the 
stator bore, though arrangements are known where the 
rotor rotates around the outside of the stator (these are 
known as 'inverted' machines). 

Fig. 2 illustrates the static torque curve of the ma- 
chine, i.e. the torque T developed when an arbitrary, 
constant excitation current is applied to the phase wind- 
ing as a function of the angle of rotation 0 of the rotor. 
Such a curve is a characteristic of doubly salient motors 
and can be calculated or measured. 

Machine control includes the 'chopping' mode of 
motor torque regulation at low speed. The torque is con- 
trolled by inhibiting the winding current from rising above 
a maximum level by repeatedly chopping it during the 
phase conduction period. At higher speeds the rise and 
fall times for the current will be such that the current is 
switched on and off only once for each phase conduc- 
tion period and is not chopped in normal operation. The 
torque is controlled through the switching angles, i.e. the 
angular positions at which voltage is applied to and re- 
versed at the phase winding. This is the so-called 'sin- 
gle-pulse mode' of operation. Both the chopping and 
single-pulse modes are discussed in the Stephenson 
and Blake paper referred to above. 

Such machines are normally 'rotor position 



switched', i.e. the voltage is applied to and reversed at 
the phase winding according to the angular position of 
the rotor. The rotor position is determined either by a 
physical transducer which measures rotor shaft position 

5 or by algorithms which deduce the position from other 
variables in the machine, such as current and flux. In 
low-cost drives, simple position transducers are gener- 
ally used, typically comprising an optical or Hall-effect 
device fixed to the stator and acting as a sensor to detect 

10 the proximity of a castellated vane or magnet assembly 
mounted on the rotor shaft. The vane usually has the 
same number of castellations as the rotor has poles, 
though other arrangements are possible. 

Known arrangements of transducers typically use a 

15 single sensor for one- and two-phase systems; two sen- 
sors for a four-phase system and three-sensors for a 
three-phase system. In a single-phase system with one 
sensor, simple logic is used to decode the output of the 
sensor to provide rotor position information within one 

20 rotor pole pitch. In the machine of Fig. 1 , the sensor 
would normally be positioned to indicate when the rotor 
poles were fully aligned with the stator poles (i.e. the 
rotor position shown and generally known as L max , since 
the phase winding has maximum inductance at this rotor 

25 position). Assuming the vane has a mark/space ratio of 
unity, the sensor would also indicate the position 90° 
away (generally known as L min , since the phase winding 
has minimum inductance at this position) ; i.e. with the 
rotor poles midway between the stator poles. 

30 Positive torque is here defined as driving the motor 
in the forward, clockwise direction so that the angle of 
rotation 6 is increasing positively in Figure 2. It will be 
appreciated with reference to Figure 2 that the motor will 
only start from rest in the forward direction if the motor 

35 is in a position corresponding to a region of positive 
torque, i.e. in the region between points 2 and 4 of Figure 
2. On the other hand, if the phase winding is energised 
when the rotor is in a region corresponding to negative 
torque, i.e. between points 5 and 6, the rotor will move 

40 in the reverse direction. If the phase winding is ener- 
gised in a region of substantially zero torque, i.e. at least 
between points 1 and 2 or between points 4 and 5, the 
motor will fail to start. 

In order to overcome this problem of unreliability in 

45 starting, various methods are known for positioning the 
rotor in the correct angular position with respect to the 
stator before energising the phase winding, thus ensur- 
ing that the motor will start and will rotate in the desired 
direction. Such a system is disclosed in, for example, 

50 US 4932069 which discloses the use of so-called 'park- 
ing' magnets generally mounted on the stator and acting 
on the rotor to hold it at rest in a preferred starting posi- 
tion. Such a position would typically be around point 3 
on Figure 2, where the torque is at or near a maximum 

55 value. 

There is one characteristic of parking magnets that 
is often apparent when the drive has been operating and 
is switched off. The rotor coasts down in speed until the 
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speed is low enough for the magnets to 'grab' the rotor 
and prevent further forward movement. The rotor then 
oscillates around a final resting position, the amplitude 
of the oscillations gradually decaying as the kinetic en- 
ergy in the rotor is dissipated in friction and in eddy cur- 
rent losses induced by the field of the magnets in the 
stator and rotor. This process of coasting down and os- 
cillating can take some time, particularly when the load 
torque diminishes with decreasing speed and the friction 
in the system is low. 

This characteristic can introduce some problems to 
the operation of the drive. For example, if the drive is 
switched off and an attempt is made to re-start shortly 
afterwards, the rotor may still be in an oscillatory condi- 
tion when the RPT signal indicates that the rotor is in an 
appropriate position for excitation to be reapplied to the 
windings. Under these conditions, the winding may be 
energised when the rotor has swung past its region of 
maximum developed torque towards the region of near 
zero torque (e.g. from point 3 in Figure 2 towards point 
4). At this point, the torque from the parking magnet op- 
poses the (relatively small) main torque and the rotor is 
likely to stay in that position, failing to start. 

In some known systems, the sensor is so positioned 
that it produces signal transitions in advance of the rotor 
reaching the aligned position. This is done for reasons 
associated with better operation at high speeds. It fol- 
lows that, at zero or low speeds, where energisation of 
the phase winding is linked directly to the edges of the 
sensor pulse train, these systems could allow energisa- 
tion of the winding in a region where the negative torque 
is sufficient to set the rotor into rotation in the opposite 
direction. While to overcome these and other problems 
it is possible simply to wait until the oscillations die away 
and the rotor is in a desired starting position, this may 
not be acceptable to a user requiring a rapid re-start. 

It is an object of the present invention to provide a 
rotor position transducer which provides more reliable 
starting of electrical machines, particularly of single- 
phase switched reluctance motors, than has previously 
been possible. 

It is a further object of the invention to provide a rotor 
position transducer for an electrical machine which al- 
lows for faster re-starting. 

According to one aspect of the invention there is 
provided an electric machine comprising a stator defin- 
ing stator poles, a single phase winding for energising 
one or more of the poles, a rotor defining rotor poles and 
a rotor position transducer comprising a member ar- 
ranged to rotate with the rotor, a first sensor arranged 
to be influenced by the movement of the member to pro- 
duce first signals indicative of positions of the rotor rel- 
ative to the stator of substantially zero torque, and a sec- 
ond sensor arranged to be influenced by the member to 
produce second signals indicative of positions angularly 
in advance of the first signals, intervals between the first 
signals and the second signals being indicative of dif- 
ferent regions of torque production. 



The invention includes introducing a second sensor 
to the conventional rotor position transducer for a single- 
phase machine, which sensor is positioned in such a 
way as to provide extra information on the position of 

5 the rotor. This allows the control system of the machine 
to determine when the windings should be energised, 
thus providing reliable starting, and when the phase 
windings should not be energised, thus avoiding rotation 
in the wrong direction. The second sensor may also be 

10 used as a timing sensor for the operation of the machine 
at high speeds. 

Also according to the invention there is provided a 
system comprising a machine as defined above, a con- 
troller and a switch arrangement which is operably con- 

15 nected for actuation by the controller to energise the 
phase winding, the controller being responsive to the 
first and second signals to determine timing of the start- 
ing procedure in accordance with the said intervals to 
actuate the switch arrangement thereby enabling the 

20 machine to start reliably. 

The invention also extends to a method of starting 
a single-phase machine as referred to above comprising 
monitoring the first and second signals; and energising 
the phase winding in an interval between one of the first 

25 and one of the second signals to move the rotor in a 
desired direction. 

The invention can be put into practice in various 
ways, some of which will now be described by way of 
example, with reference to the accompanying drawings 

30 in which: 

Figure 1 is a cross-section of a known single-phase 
switched reluctance machine; 
Figure 2 is a diagram of static torque for the ma- 
35 chine of Figure 1 ; 

Figure 3 is a schematic diagram of the position of 
sensors relative to the stator of a motor according 
to the invention; 

Figure 4 is a schematic diagram illustrating a motor 
40 system according to the invention; 

Figure 5 is a diagram of the position sensor outputs 
of Figure 3; 

Figure 6 shows a machine and control system ac- 
cording to the invention; 
45 Figure 7 is a schematic diagram of a delay control 
system incorporating the invention; and 
Figure 8 is a timing diagram for delay control using 
the system of Figure 7. 

50 Figure 3 shows the arrangement of a rotor position 
transducer (RPT) on a reluctance motor in accordance 
with the invention. Figure 4 shows a first embodiment of 
the invention having the structure of Figure 3 incorpo- 
rated in a switched reluctance machine drive. The drive 
55 includes a reluctance machine having a stator 1 0 and a 
rotor 12. Coils 14 are mounted on each of a pair of op- 
posed stator poles 16 and are connected to form a 
phase winding. The rotor 1 2 defines opposed rotor poles 
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15. A parking magnet 17 is mounted on the stator as 
shown in Figure 3. At rest, and assuming a sufficiently 
low load on the motor, the parking magnet will attract 
the rotor so that it is maintained in a non-zero torque 
starting position. For the sake of clarity these compo- 
nents are only partially depicted in the motor of Figure 
3. For this illustrative embodiment they have the same 
structure as the single-phase machine of Figure 1 with 
the addition of the parking magnet 1 7. As with Figure 1 , 
the number of poles on either or both of the rotor and 
stator may differ from that depicted. 

An RPT 18 comprises a vane 20 which is mounted 
to rotate with the rotor 1 2 on a shaft 22. First and second 
position sensors 24 and 26 are arranged to be influ- 
enced by the passage of sectors 28 of the vane 20. 

The RPT 18, unlike known RPT's for single-phase 
electronically commutated machines, has the two posi- 
tion sensors 24 and 26 which cooperate with the vane 
18. In this example, the vane is made of aluminium or 
some other suitable material which is opaque to the infra 
red light to which the sensors respond. Also in this ex- 
ample, the sensors are optical switches, Part No. HOA 
0825 made by Honeywell Inc. of Freeport, Illinois, U.S. 
A. It will be understood by the skilled person that other 
types of sensor, e.g. Hall-effect or capacitive sensors 
could be used in conjunction with a suitable vane. 

The position of an edge 30 of each of the sectors 
28 of the vane 20 relative to a corresponding rotor pole, 
and the position of the first sensor 24 relative to the sta- 
tor pole 1 6 are such that the first sensor 24 indicates the 
angular coincidence of the centre-line of that rotor pole 
15 with the centre-line 32 of the stator pole 16 (i.e. the 
position of L max ). The sectors 28 on the vane have unity 
mark/space ratio with respect to the voids between 
them. During the passage of a void past a sensor the 
sensor output is high. Thus, the first sensor also indi- 
cates the passage of the centre-line of the interpolar 
space on the rotor 1 2 past the centre-line 32 of the stator 
pole 16 (i.e. the position of L mjn ). The output of the first 
sensor 24 is shown in Figure 5 as a function of rotor 
angle for the rotor rotating clockwise in Figure 3. It will 
be seen that the output of the first sensor is a unity mark/ 
space ratio signal, with transitions coincident with the 
points of minimum and maximum inductance, in accord- 
ance with the position of the first sensor relative to the 
vane 20. 

The second sensor 26 is positioned to cooperate 
with each sector 28 at a position that is angularly dis- 
placed by an angle X from the first sensor 24 in Figure 
3. In this example the angle X is 30°. In general terms, 
the angle should be around 0.17 of the rotor pole pitch, 
though values between 0.10 and 0.20 will generally be 
acceptable. The output of the second sensor 26 is also 
shown in Figure 5. The output of the second sensor is 
essentially the same as that of the first, but advanced 
by 30° in the rotor cycle. 

It will be apparent to the skilled person that the sen- 
sor and the vane could all be shifted with respect to the 



stator and rotor poles without changing the nature of the 
information derived from the RPT. In other words, by 
shifting both the vane and the sensors by the same an- 
gular amount the sensors would indicate the same po- 
5 sitions of the rotor as it rotates. It is sometimes neces- 
sary to shift the sensors and the vane in this way be- 
cause of space requirements or for convenience of me- 
chanical fixing. 

In the embodiment shown in Figure 4, a motor con- 
troller 36 controls the actuation of a conventional switch 
arrangement 38 for energising the phase windings in re- 
sponse to an input speed or torque demand. The move- 
ment of the vane past the sensors 24 and 26 produces 
two outputs that are decoded by the controller 36 for 
starting the machine and actuating the switches in re- 
sponse thereto. 

One way of making use of the extra information af- 
forded by the presence of the second sensor 26 is to 
combine logically the two outputs and for the controller 
36 to allow the energisation of the phase winding only 
when the first and second sensor outputs are both high, 
i.e. in region P of Figure 5. This prevents energisation 
near the L max position where, by inspection of Figure 2, 
it will be seen that the torque is low and insufficient en- 
ergy would be imparted to the rotor to enable it to over- 
come the retarding torque of the parking magnet 17. 
This energisation scheme improves the reliability of the 
starting process. This can be implemented easily by 
supplying the outputs from the sensors 24/26 to the con- 
troller 36 for the switched reluctance motor and using 
combinational logic to allow firing signals for the phase 
energisation to be available only at the desired rotor an- 
gle, i.e. in the region P of Figure 5. It will be apparent 
from Figure 5 that the starting region P is signified by 
both of the digital outputs of the sensors 24 and 26 being 
high or '1'. 

In a modification of the invention, use is made of the 
extra information provided by the second sensor 26 by 
using not only the extra position information but also the 
directional information which may be deduced from the 
sequence of occurrence of the rising and falling edges 
of the two outputs from the sensors 24 and 26. When a 
command to start the drive is received by the controller 
36, the position of the rotor can be immediately deter- 
mined to be in one of the four regions P, Q, R or S from 
the output of the two sensors. The controller 36 waits to 
receive information as to whether the rotor moves to an- 
other region. If, for example, the region R is followed by 
the region Q, the rotor is moving anticlockwise and no 
action is taken. The monitoring process continues until 
the rotor is known to be moving in a clockwise direction 
in either region P or Q. The phase winding is then ener- 
gised in the normal way and the motor will start and run 
up to speed using conventional energisation patterns 
thereafter, as known in the art. 

In a further embodiment shown in Figure 6, a timer 
40 is incorporated. Normally, the timer would form part 
of the controller 36 although it is shown as a separate 
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entity in Figure 6 for the sake of clarity. 

The timer 40 is arranged to receive the output of the 
two sensors 24 and 26. From the received outputs, the 
timer 40 times the movement of the rotor from one re- 
gion to another after a command is received to switch 
on. The purpose of the timer 40 is to determine when 
the rotor 1 2 has effectively come to a halt, in which case 
the timer reaches some predetermined time-out count 
without being reset by a change in one of the outputs 
from the sensors 24 and 26. This can be taken to indi- 
cate that the oscillations have died away and the drive 
can be restarted using any suitable method for starting 
from rest. 

Because of the non-linearity of the torque imparted 
to the rotor by the parking magnets, both the amplitude 
and frequency of the oscillations vary during the settling 
period. However, a predetermined time-out value of 
around 200msec has been found to be appropriate for 
small drives rated up to around 1 kW. Larger drives may 
require a commensurate increase in the time-out value. 
While this method can use virtually any spacing be- 
tween the sensors, it is found that setting the transition 
point of the second sensor to be approximately at the 
detent or rest position of the parked rotor under the in- 
fluence of the starting magnet is preferred. This is be- 
cause information provided by the two sensors on the 
position of the rotor is at its densest for the rotor move- 
ment close to the energisation point. 

When the starting routine has been commenced, 
the timer 40 can be reset and used to monitor the sub- 
sequent starting routine. If the position information from 
the first and second sensors does not indicate that the 
rotor has moved through, say, two of the regions R Q, 
R and S in a predetermined initial period, the starting 
routine is aborted and the drive allowed to settle before 
another attempt is made to restart. A suitable initial pe- 
riod may be of the order of 400msec for a small drive. 

The presence of the additional, second sensor 26 
in the RPT 18 can also be used once the drive has at- 
tained its operating speed. EP-A-0692865 (Turner) dis- 
closes a method of generating firing angles for a 
switched reluctance machine which determines the 
switch-on angle by timing a delay period from a rising 
or falling edge of an RPT signal. 

Referring to Figure 7, a controller for a switched re- 
luctance motor comprises a comparator 1 20 which is ar- 
ranged to receive a first input 122. This is a signal pro- 
portional to the phase winding current in the motor. A 
typical comparator for this application would be an 
LN339 manufactured by National Semiconductor with 
or without additional hysteresis components. 

A second input 124 corresponds to a predetermined 
or adjustable maximum current reference signal. In the 
case of a fixed value of current reference a simpler com- 
parator can be used, such as an appropriately biassed 
transistor. In this embodiment, having the simplified 
comparator, the reference signal is chosen for a partic- 
ular motor to correspond to a level of current which is 



above the peak value of current which will be expected 
to occur in the single-pulse mode. This allows an auto- 
matic transition between chopping and single-pulse 
modes of operation, as will be described below. 

5 An output 126 from the comparator 120 triggers a 

monostable multivibrator 128 which has a pulse output 
of fixed duration at logic level '0' corresponding to a 
switch-off signal that is connected to one input of a two- 
input AND gate 130. The other input to the AND gate 

10 1 30 is the output 1 32 from a timer and delay circuit 1 34. 
A first input 1 36 to the timer and delay circuit 1 34 is the 
output from the rotor position transducer 1 35. The RPT 
135 is in accordance with the present invention. 

It will be seen that the RPT comprises a vane having 

15 four sectors 1 37 which produce digital outputs from the 
first and second senors 24 and 26 of even mark/space 
ratio. The four sectors 1 37 indicate that it is attached to 
a four-pole rotor of a single-phase machine. The second 
sensor 26 is spaced from the first sensor 24 by between 

20 0.1 and 0.2 of the rotor pole pitch, i.e. 9°-18°. In this 
embodiment the rotor pole pitch is 90°. The outputs of 
the sensors 24 and 26 are used on start-up, as de- 
scribed above, by the controller. Following start-up, only 
the output of one of the first or second sensors 24/26 

25 need be used in controlling the motor. The output from 
the RPT sensors 24 and 26 is more or less a square or 
other wave shape providing transitions at the fixed rotor 
position with respect to the stator as referred to previ- 
ously. Starting the motor is achieved as described above 

30 using the controller 36. 

Afurther input 138 to the timer and delay circuit 134 
is a time delay control signal which adjusts the delay 
applied before a switch-on signal is applied to the AND 
gate 130. While an AND gate is shown, it will be appar- 

35 ent that other mutual gating arrangements could be 
used to equal effect. 

The running speed of the motor may be adjusted by 
manual adjustment of the delay introduced by the timer 
and delay output 132 which is itself controlled by the 

40 signal 1 38 or in response to a signal from an overall con- 
trol system also adjusting the time delay. Alternatively, 
the output 132 may be fixed. The delay strategy is dis- 
cussed below. 

In a low-speed chopping mode, the comparator 1 20 

45 generates its output when the winding current exceeds 
the predetermined maximum current reference signal 
124, which reference signal 124 is set for a particular 
motor to which the controller is connected. As men- 
tioned above, this may be equivalent to a winding cur- 

50 rent which is in excess of the current expected in single- 
pulse mode at which the motor in question is designed 
to operate. Typically, the maximum current reference 
level is chosen with regard to the ratings of the semi- 
conductor switches in the converter switching circuits 

55 and the thermal rating of the motor. The maximum cur- 
rent reference signal may be user adjustable, within the 
current rating of the switches, so that a particular con- 
troller can be adjusted and set for a particular motor or 
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as a means of speed or torque adjustment while the mo- 
tor is running. 

At low speeds, there is sufficient time in a phase 
conduction period for the winding current to rise above 
the maximum current reference level. The output from 
the comparator generated when the maximum current 
reference is exceeded triggers the monostable 128 
which produces a pulse of fixed duration at logic level 
'0', which is a winding current switch inhibit (switch-off) 
signal. 

This logic '0' output will produce a logic '0' (switch- 
off) output from the AND gate 1 30 so that the switching 
circuit associated with the phase winding is opened for 
at least the duration of the low pulse, i.e. to allow the 
winding current to fall below the maximum current ref- 
erence level. After the pulse is removed, the switch or 
switches reclose, subject to the state of the signal from 
the timer and delay circuit 134. Thus, chopping current 
control is established about the maximum current refer- 
ence level when the motor speed is low. 

As the motor speed increases, there will come a 
point at which the maximum current reference level is 
not reached in a phase inductance cycle such that the 
output from the monostable is a constant logic '1'. This 
permanently enables the AND gate 130 subject to the 
timed output of the time and delay circuit 134, which is 
then used to control the switching of current to the wind- 
ings, i.e. for operating in the single-pulse mode. The mo- 
tor speed/torque is then controllable by adjustment of 
the delay before a switch-on signal is generated by the 
timer and delay circuit 1 34. 

Two methods of triggering the time delay are illus- 
trated graphically in Figure 8(a) and (b). 

In Figure 8(a), an output of the RPT has a trailing 
edge N which is used both to switch off the current in 
the phase winding and to start timing a delay. After the 
expiry of the pre-determined delay, the current is 
switched on again and the cycle repeats. 

In Figure 8(b) the delay is initiated by the rising edge 
M of the RPT signal. In either case, the time delay from 
the switch-off may be set to give, for example, a near 
optimum conduction angle at the desired full-power op- 
erating condition, according to the motor being control- 
led, or it may be varied, using the delay circuit to control 
the torque and running speed of the motor. 

It will be noted that, while the system described is 
simple to implement and operate, the positioning of the 
switch-off point is triggered by the falling edge N of the 
RPT output. While it is possible to move this edge by 
mechanically adjusting the position of the rpt vane with 
respect to the rotor poles, this may compromise the 
starting performance of the machine. 

It will be appreciated that high speed control of a 
switched reluctance motor can be relatively easily im- 
proved by incorporating the present invention, since the 
second sensor 26 provides further rising and falling edg- 
es, thus giving more flexibility as to the choice of edge 
to be used from which to initiate the control delay. The 



output of the first sensor 24 has a trailing edge aligned 
with the L max position, which is a suitable switch-off point 
for those operating speeds just above the chopping 
mode region. As the speed rises further, it is beneficial 
5 to advance the switch off point. The trailing edge of the 
output from the second sensor 26 provides a suitable 
edge. Thus, by careful choice of the angle of advance- 
ment of the second sensor with respect to the first, an 
edge of the second sensor can be arranged to be in a 
10 position that can also be used for driving the machine 
after start-up at high speeds. Thus, the machine can be 
started by the use of information from the two sensors, 
as described above, run up to some intermediate speed 
in chopping mode by use of the information derived from 
15 the first sensor 24 and thereafter operated in its high- 
speed operating range under single-pulse control by 
use of the information from the second sensor 26. 

While the illustrated embodiments show a pair of 
sensors, it is possible to derive the same information 
20 from a single sensor and a suitably shaped vane. It will 
be appreciated that the indications of points in the rotor 
cycle are related to rising and falling edges. Thus, the 
single sensor embodiment would have a vane shape 
that replicates the transitions in the first and second sig- 
25 nals at the appropriate positions of the rotor. By this 
technique the advanced second signals are determined 
by the vane shape which is suitably modified for the pur- 
pose. The two sensor outputs described above would 
then be amalgamated as a single sensor output provid- 
30 jng the various transitions of both previous signals. 

While the above has described the invention ap- 
plied to a switched reluctance motor, it can equally be 
applied to any electronically commutated machine in 
which the machine is controlled as a function of rotor 
35 position. 

The above description of several embodiments is 
made by way of example and not for the purposes of 
limitation. Many variations can be made to the embodi- 
ments disclosed herein. For example, the invention is 
40 applicable to any form of reluctance machine regardless 
of the number of poles, pole shape, speed range, etc. 
The invention is intended to be limited only by the spirit 
and scope of the following claims. 
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Claims 

1. An electric machine comprising a stator defining 
stator poles, a single phase winding for energising 

50 one or more of the poles, a rotor, defining rotor 
poles, and a rotor position transducer comprising a 
member arranged to rotate with the rotor, a first sen- 
sor arranged to be influenced by the movement of 
the member to produce first signals indicative of po- 

55 sitions of the rotor relative to the stator of substan- 
tially zero torque, and a second sensor arranged to 
be influenced by the member to produce second 
signals indicative of positions angularly in advance 
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of the first signals, intervals between the first signals 
and the second signals being indicative of different 
regions of torque production. 

2. An electric machine comprising a stator defining 
stator poles, a single phase winding for energising 
one or more of the poles, a rotor, defining rotor 
poles, and a rotor position transducer comprising a 
member arranged to rotate with the rotor, a single 
sensor arranged to be influenced by the movement 
of the member to produce first and second signals 
indicative of positions of the rotor relative to the sta- 
tor of substantially zero torque, and positions angu- 
larly in advance of the first signals, intervals be- 
tween the first and the second signals being indic- 
ative of different regions of torque production. 

3. A machine as claimed in claim 1 or 2 in which the 
first and second signals are each transitions be- 
tween states of a digital output of even mark/space 
ratio. 

4. A machine as claimed in claim 1 , 2 or 3 in which the 
member defines a set of features for influencing the 
sensors to produce the first and second signals. 

5. A machine as claimed in claim 1 , 2, 3 or 4, in which 
the second signals are advanced with respect to the 
first signals by between 10% and 20% of the rotor 
pole pitch, preferably 17%. 

6. A machine as claimed in any of claims 1 to 5 in 
which the stator, the phase winding and the rotor 
are arranged as a switched reluctance machine. 

7. An electrical machine system comprising a machine 
as claimed in any of claims 1 to 6, a controller and 
a switch arrangement which is operably connected 
for actuation by the controller to energise the phase 
winding, the controller being responsive to the first 
and second signals to execute a procedure in ac- 
cordance with the said intervals to actuate the 
switch arrangement to start the machine. 

8. A system as claimed in claim 7 in which the control- 
ler is operable to decode the first and second sig- 
nals, to determine whether the rotor is moving in the 
desired direction, and to continue or discontinue 
starting the machine in response to the decoded 
outputs. 

9. A system as claimed in claim 7 or 8 in which the 
controller includes a timer which is operable to time 
between the occurrence of the signals to determine, 
on receipt of a signal to start the machine, whether 
the rotor is substantially in motion, the controller en- 
abling start-up of the machine when the time ex- 
ceeds a predetermined time without the occurrence 



of the said first or second signals. 

10. A system as claimed in claim 9 in which the timer is 
resettable to monitor the progress of the rotor on 

5 start-up by the controller according to the subse- 

quent occurrence of the first and second signals. 

11. A system as claimed in any of claims 7 to 1 0 in which 
the controller is operable to derive phase winding 

10 energisation timing information from the first or sec- 
ond signals. 

12. A method of starting a single-phase electrical ma- 
chine system as claimed in any of claims 1 to 6, the 

15 method comprising: 

monitoring the first and second signals; and 
energising the phase winding in an interval be- 
tween the first and second signals to move the 
20 rotor in a desired direction. 

13. A method as claimed in claim 12, including: 

decoding the sequence of first and second sig- 
25 nals to determine the direction in which the ro- 

tor is moving: and 

continuing or discontinuing starting the ma- 
chine in response to the decoded sequence. 

30 14. A method as claimed in claim 12 or 13, including: 

timing the period between the first and second 
signals prior to starting; and 
starting the machine if the period exceeds a 
55 predetermined threshold. 

15. A method as claimed in claim 14, including: 

resetting the timer to monitor the progress of 
the start-up according to the subsequent occur- 
40 rence of the first and second signals. 

16. A method of controlling an electrical machine sys- 
tem as claimed in any of claims 7 to 11 , comprising: 

selecting one of the first or second signals to 
45 time energisation of the phase winding. 
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